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5 (*1) Tntlc: HERBICIDAL COMPOSITIONS 

(ST) Abstract: The present inveDtioa relaxes to autfoctatit systems and in patticuJar hisibicidal compositions comprifting a wnter 
Q wJubte herbicide and/or a salt thereof and a snrfactant system, whexein the suifectant system comprises at least iwo surfaciants 
^ scjcctec] from the firoup conajfiting of: i) alMdinminc tctnjalJcoxylate attifiieltois; ii) N-aJl^l alkyldiamiiw tdAlkoxyUte surfacimiiM; 
1^ and iii) pl:K>spbat*sd eJcotioI alkoxylate surfudants. 
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Herbicidal compositions 

This iaveutiQu relates to surfactant systems and in particular surfactant systems useful in 
herbicide formulations. The invention ateo relates to berbioide f onntilations comprising 
the surfactant syst^n and a method of controlling or cradicatmg unwanted plants and 
5 vegetation using the herbicidfi fonmibtioiis containing the surfei!tant system* 

Sufftctant systems are important in herbicide cor»positions as promoters of wstting, 
spreading and peneb-ation of the active agent The Sttrfectant system can affect efficacy of 
the herbicide coiqjosition and contribute to environmental effects snch as aquatic toxicity 
10 and irritancy to skin and eyes. 

The efBcacy, aquatic toxicity and irritancy of warter soluble herbicides^ such as N- 
(phosphonomethyl)glycine (glyphosate), 4-[hydrQxy(methyl)phosphiiioyl]-DL- 
homoalanine (glufosinate), Ur-dimethyM,4'-bipyridiniura dichloride (paraquat 
15 dichloride), l,r"efhylene^2,2'-bipyridyldiyUum dibiomide (diquat dibromide) and pbenoxy 
acid herbicides can be affected by choice of surfectant system. 

Some herbicide compositions include particular surfactant systems to enhance efficacy, 
however, these compositions often have undesirable properties such »5 unacceptable 
20 aquatic toxicity or irritancy. Some herbicidal compositions are formulated with particular 
surfectant systems to reduce aquatic toxicity or irritancy, but often at the expense of 
efScacy. There is a need for herbicidal compositions that exhibit acceptable aquatic 
toxicity and irritancy but not at the expense of efficacy of 1be compositions, 

25 Glypbosate and its salts are well known non-selective systemic herbicides, first developed 
in the early 1 970'3 by Monsanto Company, After absorption through the foliage it is 
rapidly translocated to regions of metaboHc activity, including the roots and shoots. It has 
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been foTOd that formulations of glyphosate witb some surfactant odjuvants can lead to 
enhaiicemeitt of hcxbicidal activity. 

WyriU and Bumside, Weed Science, 25, (1977), 275-287, conducted a study of the effecrts 
5 of different sifffec^tanta oix tte berbicidal action of glyphosate. Some class^^s of surfactant 
were more effective than others in enhancing ttie herbicidal effect of glyphosate (in 
particnlar as a sohition of the isopropylamine salt). Despite this study and subsequent 
attempts to correlate glyphosate activity enhancement with surfactant structure, the 
effectiveness of surfactants -with glyphosate is variable and difficult to predict. 

10 

The most commonly used surfactant adjuvants in glyphosate formulations are the tallow 
amine ethoxylates. While these surfactants are very effective in enhancing the activity of 
glyphosate, they have recently been shown to have significant aquatic toxicity. 
Accordingly in many regions the use of glyphosate compositions comprising tallow amine 
1 5 ethoxylates in proximity to waterways and catchment areas has been severely regulated. In 
particular it has been shown that about 3ppm of a standard etboxylated tallow 
amine/glyphosate formulation has an acute toxic effect on Dc^hnia carinata according to a 
standard 48 hour EC50 test 

20 Glyphosate compositions having surfactant systems including alkyldiamtnc tdraaOcoxyiate 
surfectants or an alkyldiamine tetraalkoxyiate and an alkyl glycoside or alkylpolyglycosidc 
surfectant were reported in WO 9S/243 13. While the surfactant system comprising 
alkyldiamine tetraalkoxylate and alkylpolyglycaside was found to have good efficacy, the 
inclusion of the alkylpolyglycoside may increase irritancy and cause unacceptable foaming 

25 in the herbicide conqiositioiL 

N-alkyl amine ethoxylates and N-alkyl alkyldiamine ttialkoxylates have been described in 
WyriU and Bu^nside. Weed Science, 25, (1977), 275-287 and AU 57556/90. While ftiese 
surfectants have been found to be efficacious, especially vrfien used with glyphosate, they 
30 suffer from being aquatically toxic and skin and eye initants 
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Phosphatod alcohol eflioxylate surfactants have been described in AU 641 761 . While 
these surfectants are known to be efficacious when used in glyphosate compositions and 
have low aquatic toxicity, their efficacy is not as good as other surfactants and they may be 
irritants unless the phosphate is fiilly neutralised* 

5 

It has been reported that the skin and eye irritancy of herbicide con^ositions raay be 
reduced by using a combination of a phosphated alcohol alkoxylate sur&ctant and an alkyl 
amine e&oxylate surfactant as described in AU 653351, It appears that the reduction of 
irritancy results fiom the neutralising effect these surfactants have on one Emother, 
10 However, the large amount of aUcylamine ethoxylate required results in increased aquatic 
toxicity. 

It has now been surprisingly fouad that a surfactant system comprising at least two 
surfactants selected from the group consisting of aUcyldiannne telraalkoxylate surfectants, 
15 N-alkyl alkyldiamine trialkoxylate surfactants and phosphated alcohol alkoxylate 

surfectantSjt when used in a herbicide composition comprising a water soluble herbicide, 
provides not only efficacious compositions, but low aquatic toxicity and low xuitancy to 
skin and eyes. 

20 It has surprisingly been found that herbicide compositions comprising glyphosate and a 
surfectant system of the present invention have comparable efScacy over known and 
commonly used ethoxylated tallow amine compositions or the surfactants of the present 
surfactant system when used alone. 

25 According to a first aspect of the invention there is provided a herbicidal composition 

comprising a water soluble herbicide and/or a salt thereof and a surfectant system, wherein 
the surfectant system comprises at least two surEwtants selected from the grxmp consisting 
of: 

i) alkyldiamine tetraalkoxylate surfactants; 
30 ii) N-alkyl alkyldiamine trialfcoxylate surfactants; and 
iii) phosphated alcohol alkoxylate surfactants* 
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According to a second aspect of th6 mvention there is provided a use of a sur&ctant system 
comprising at least two surfactaots selected from the group consisting of: 

i) ^Jkyldiamine tettaalkoxylate sui&ctarits; 

5 ii) N-alkylalkyldi^tminetrialkoxylatesurfact^ 
iii) phosphated alcohol alkoxylate sut^tdnts; 

as an o^uvant in a herbicide composition, wherein said herbicide composition comprises a 
water soluble heibidde. 

1 0 According to a third aspect of the invention theie provided a method of controlling or 
eradicating unwanted plaats or vegetation comprising the step of applying to a locus where 
control or eradication is desired, a phytotoxic amoimt of a herbicidal composition 
comprising a water soluble herbicide and a surfactant system, wherein the suifiictant 
system comprises at least two surfectants selected from the group consisting of; 

15 i) alkyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl aUcyldiaroine trialkoxylate surfectants; and 

iii) phosphated alcohol alkoxylate sur&ctants. 

According to a fourth aspect of the invention there is provided a surOictant system. 
20 comprising at least two surfactants selected &om the group consisting of. 

i) alkyldiamine tetraaltoxylate surfactants; 

ii) N-aUsyl alkyldiamine trialkoxylate surfectants; and 

iii) phosphated alcohol alkoxylate surfactants. 

25 The term "low aquatic toxicity*' is used herein in connection with the surfactants or 
herbicide compositions of the present invention to refer to an acute aquatic toxicity less 
than the toxicity of an equivalent composition coraptiaing an ethoxylated tallow amine as 
the surfactant component The term also indicates that the toxicity of the surfactant or 
composition is sufficiently low to satisf / local, regional or national regulations governing 

30 the toxicity of surfectants or herbicide compositions in the locality, region or country in 
whichlhesurfectant or composition is used. The herbicide compositions according to the 
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present invention piefexably meet a standard ECso or LC50 test in respect of a suitable 
indicator organism for example Dcphnia species such as Dapknia carituUcit at a 
concentration of lOOppm, more preferably SOOppui, and most preferably lOOOppm. 

5 Daphnia carfnata results have been qnoted in most of our aquatic toxicity test results* 
Often, iitemture aquatic toxicity values are quoted for another water flea specie^ Daphnia 
magna, however this species cannot be imported into Australia for testing. It is accepted, 
but iiot confirmed, that Daphnia carimta may ra fact be even more sensitive to surfactants 
than its "cousin". 

10 

As used bereiU;. "water soluble hexbidde" means a herbicide that is soluble in water under 
conditions of use, including conveutional use rates and dilutaonsv For exan^le» herbicides 
soluble in water at more than 1% weight pet volume of composition. 

15 Examples of water soluble herbicides suitable for use in the composition of the present 
invention include N-fpbosphonDmethyl)glyciiifi (glyphosate), 4- 
[hydroxy(methyl)phos|>hinoyl]-DL-homoalanine (glufbsinate)^ bipyridinium heibicides 
such as paraquat and diquat an sahs thereof, amitrol, aromatic acid herbicides such as 2>4- 
D, MCPA, triddoropyr, pichloram, and bromoxynil and salts tJwsreof. 

20 

Suitable cations for salts of glyphosate and glufosinate include alkali metal cations, such as 
sodium or potassium, and ammonium or substituted ammonium cations. The latter catLons 
being derived from primary and secondary amines such as isopropylamine or 
dimethylamine and ftom diamines such as ethylene diamine* 

25 

Further, examples of agricullwraUy acceptable salts of glyphosate are trimethyl-sulfonrum 
salt ("sulfosate") or aminoguanidine salts as disclosed in EP-A-0 088 180. Because 
glyphosate has more than one r^slaceable hydrogen atom, mono- and di-salts are possible, 
as well as mixtures of such salts. Typical glyphosate salts are the sodium, ammonium and 
30 trimethylsulphonium salts as weU as the mixed alkylsutfomum salts and triaUcyl salts. 
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A particulatiy useftd salt of glufosinate is the axrunonium salt. 

Suitable anions for salts of bipyridinium heifaiddes include bslide ions such as chloride 
and bromide ions. 

5 

Particalqrly iiseful catioiis for aromatic acid herbicides are ammonium and alkyl 
anmiiomiiin salts. 

A particularly useful salt of brornoxynil is the potassium salt. 

10 

In a preferred embodiment the alkyldiaroine tetraalkoxylate surfactant compdses a 
compound of formula (I): 

R{OA)„, (AO)n,R 

N Q— 0) 

R(OA)/ (AO)^R 

15 

wherein Q is a linear or branched Ci-Cg alfcylene, each AO is independently an atkylene 
osdde unita each m is independently an integer selected from I to 300 and each R is 
independently selected from hydrogen or an allcyl, acyl, benzyl or halide ^oup. 

20 Q is preferably ^CHfe)n- wherein n is 2 to 6 or a branched alkylene group having 3 to 6 
carbon atonas such as 

— CH2~"CH2 — 



CH3 

Most preferably Q is -CH2-CH2-. 

25 AO is preferably a Ci-C4 aDcylene oxide unit, for example, ethylene oxide, propylene oxide 
or butylene oxide. Most preferably AO is an ethylene oxide unit or propylene oxide unit. 
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Prefei^ly m is an intcg^ from I to about ISO, moftG^ preferably 8 to about 145. 

Preferably R is hydrogen* methyl, acetyl or benzyU Most preferably R is hydrogen. 

5 (AO)m may be a polymer of alkylene oxide units in vAdch each AO unit is the same or 
different. Preferably, (AO)ia is a copolymer of ethylene oxide and propylene oxide units. 

The alkylene oxide units may form homopolymiera or copolymers, including blocsk 
copolymexs and random copolymers. For example^ componnds of formula (I) may be 
JO made by starting with a compound of formula (H); 

HOA AOH 

/^■^\ (11) 

HOA"^ AOH 

wherein Q is defined as in formula (I) and A is an alkylene group. Tb^ (compound of 
15 foxmiU (H) may then be condensed with an alkylene oxide unit wherdn the alkylene 
group may be the same or different to A. The resulting compound may be further 
condensed with a diffen^t alkylene oxide unit aod so on to give the final compound. 

Preferably, these surfactants have the following formula (Hi): 

20 

R-(OB)y(OA)x^ ^{AO)x(B0)y-R 

N-Q-N. (Ill) 



R-(OB)y(OA)/' \AO)>c(BO)y-R 



wherein Q is as defined in formula (1) and AO and BO are diffexent Cz-Ca alkylene oxide 
unitS;, 

25 each R is mdependentiy H, Ci-Cs alkyi, CJ-C4 acyl, benzyl or halide, and 

each X and y is independently an integer from 0 to 1 50, provided x and y are not both zero. 
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Pmferably AO is propyleae oxide and BO is etbylene oxide, or AO is ethylene oxide and 
BO IS propylene oxide. Where AO is propylene oxide and BO is efliyloie oxide, x js 
preferably an integer from 1 to about 30, more preferably about 1 to about 25, and y is 
preferably 0 to about 1 50, more preferably about 4 to aboxit 120, 



5 



A preferred alkyldiarmce tetraalkoxylaie surfactant has fte following formula (TV): 

H{OC2H0y(OC3HB)xv .(C3H60>x(C2H40)yH 

NCHaCHzN^ m 
H(OC2H4)y(OC3H6)x^ ^(C3H60)x(C2H4O)yH 

10 wherein x and y are as defined for formxila (HI). 

Suitable alkyl diamine tetraalkoxylates which may be used as suriactanls are the 
SYNPERONIC T™ scries and TERIC 173"^ which are commercially available ethylene 
diamine alkoxyla4es. TERIC 173™ is particularly suilable. TERIC 172^^ is a compound 
15 of formula {IV) wherein x and y are 4- Also suitable are compounds of formula (IV) 

wberein x is 1 6 and y is 50 and compounds of foimuk (tV) wherein x is 22,5 and y is IJ 8, 
Most suitable are compounds of formula (IV) wherein xisl and y is 4 or where x is I and 
y is5. 

20 In a preferred CTibodiment the N-alkyI alkyldiamine trialkoxylate surfectant comprises a 
compound of formula (V): 



R2 (AO)qRi 
\ Q K 



CV) 



25 whei^Qisalii»arorbTHnchedCi-C6aJkyleneorC2H^fia 

each AO is indepcadenfly an alkylene oxide umt>-p + q + r is the average moles of alkylene 
oxide units and is in the range of 5 to 25, each Ri is independently hydrogen or an aJkyl, 
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acyl, benzyl or balide group and H;^ is a Cg-CiB alkyl or C3-C18 alkeayl group. 

Q is preferably -(dhV vrfierdn n is 2 to 6 or ^ branched alkylene group having 3 to 6 
carbon atoms such as 

I 

5 CH3 
Most preferably Q is -CHrCHi-OHa-. 

AO is preferably a C1-C4 alkylene oxide imit^ for example, ethylene oxide, propylene oxide 
or butylene oxide. Most preferably AO is ethylene oxide or propylejje oxide. 

10 

Preferably p + q -1- r is an integer from 14 to 20 and most preferably from 16 to IS. 

Preferably Ri is selected from hydrogen^ methyl, acetyl and benzyL Most preferably Ri is 
hydrogen. 

15 

Preferably R2 is a Cu-Cjg alkyl groTip and most preferahly a Cjs-Cjj alkyl group. 

The alkylene oxide units may ahemate in the chain. For example compounds of formula 
(V) may be made by starling with a compound of fotmnla (VI): 

20 

Ft2 AOH 

>^-^\ (V.) 

HOA^ ^AOH 

wherein Q is as defined in fonnula (V) and A is an alkylene group. The confound of 
formula (VJ) may then be condensed with an alkylene oxide unit T?^iierein tiie alkylene 
25 groupmay be ttie same or different to A. The resulting compound may be further 
condensed with a different alkylene oxide and so on to give the final compound. 

Preferably, these surfactants have the following fomula (VU): 
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H(OA), 



R2 

\ 

/ 



N — Q N! 



(AO)<,H 
(AO),H 



(VII) 



Q i!5 "<CH3)q- wherein n is 2 to 6 or a branched alkylene eroup having 3 to 6 carbon atoms 
5 such as 

CH2 — 



CH3 

Most preferably Q is -CHa-^Hi-CHz-; and 

wherein AO is an alkylene oxide unit in which A is selected from a straight chained C2-C4 
alkylene group or a branched C2-C4 alkylene group such as 

CH2' ~CH2"*^ 



10 CH3 
piefembly AO is ethylene oxide. 

p + q + risinthe range of 5 to 25, preferably 14 to 20 and most preferably 16 to 1 S. 
R2 is preferably a Cj2"Ci8 alkyl group and most preferably a Cie-Cis alkyl group. 



15 An example of a suitable N-alkyl alfcyldiamine tri aUcoxylste is a compound of formiila 
(Vn) wherein Q is -CHj-CH^-CH^-, A is -CHj-CHa-, p -t- q 4- r is 17 and R2 i^ a Cis-Cjg 
alkyl group (N-tallow 1,3-propane diamine + 17 moles of ethylene oxide). 



In aptefeired anbodiment the phosphated alcohol alkoxykde surfaetant comprises a 
20 compound of the formula (VIU): 



R3 O— (AO)s' 



in^vMch 

R3 represents a C4-C18 alkyl gjroi^j^ 




(VIII) 
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AO is an alkyleae oxide unit vAsig A may be selected ftom straight chained Cr C4 
alkylene group or a. branched C2-C4 alkylenc groiqi such as 

CH3 

preferably AO is ethylene oxide, 
5 s is aninteger between2 aad 12, and 

each M is independently selected from a bydtogen atom or a sodium atom or an 
ammonium or olkylammonium group. 

Preferably, R.3 is an alkyl group having 12 to 14 carbon atoms and preferably s is 9 and M 
10 is hydrogen. 



An example of a suitable phospbated alcohol alkoxylate surfactant is a conipound of 
formula (Vm) i^sre R3 is a C12-C14 alkyl groiipa A is ethylene, s is 9 and M is hydrogen. 

15 In one preferred aspect of the inveaition the surfactant system comprises an alkyldiamine 
tetraalkoxylate sur&ctant and an N-alkyl alkyldianune triallcaxylate surfectant The 
preferred ratio of alkyldiamine tetraalkoxylate to N-aJkyl alkyldiamine triaDcoxylate is at 
least 3:1, This system, may fiirther comprise an N-alkylamine altoxylate surfactant having 
formula (IX): 



20 



^{AO)rH 

(IX) 



wherein lU is a Cij-Cig alkyl or Ctz-Cu alkenyl grtrtq>, each AO is independently a C2-C4 
allsylenfi oxide unit and t u is the average moles of alkylene oxide units gnd is in the 
25 range of 5 to 20, 

A suitable N-alkylaraine alkoxylate surfactant is TERIC 17M15™ where R4 is Cifi-Cu 
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alkyl, AO is ethylene oxide and n is 15. 

The ratio of alkyldiamine tetraalkoxylate to the combinatbn of K-alJcyl alkyldiamixie 
trialkoxylate and N-dkylamine alkoxylate 13 prefcrahiy no less than 3:h 

5 

Jn another aspect of the invention the fur^ctant system comprises an alkyldiamine 
tetraalkoxylate surfactant and apbosphated alcohol alkoxylate snr&ctaat The amount of 
phosphated alcohol alkoxylate added is suf&cient to provide a neutral pH. 

1 0 In another aspect of the invention^ the sur&ctant system comprises an N-aQcyl 

alkyldiamine trialko??ylate surfactant and a phosphatcd alcohol alko>cylate surfactant. The 
amount of phosphated alcohol alkoxylate added is sufiicieat to provide a neutral pH. 

In yet another prefeiTed aspect of the invention, the surfactant system comprises an 
1 5 alkyldiamine tetraalkoxylate smfactant, an N-alkyl eUcjldiamine alkoxylate surfactant and 
a phosphated alcohol alkoxylate surfactant. The prefened ratio of alkyldiamine 
tetraalkoxylate surfactant to N-alkyI alkyldiamine trialkoxylate surfactant is at least 3 : L 
The phosphated alcohol alkoxylate b further added to give a neutral pH. 

20 The final composition of this suifectant system is preferably 50-70% alkyldiamine 
tettaallcoxylate, 10-40% N-alkyl alkyldiamine trialkoxylate and 10-'W)% phosphated 
alcohol alkoxylate, weight per weight of surfactant system. Most preferably the 
composition contains 60% alkyldiamine tetraalkoxylate^ 20% N-alkyl alkyldiaminf; 
alkoxyla:te and 20% phosphated alcohol alkoxylate^ weight per weight of sui&ctant 

25 system. 

If one siir&ctant in the sur&ctant system has a low level of alkoxylatton^ it is prefeiahle 
that the other surfactant or surfectants in the system have a higher level of alkoxylation. 

30 The compositions of the present inventLon may he in the form of solids, liquids or pastes. 
The compositions include both dilute compositions which are ready for immediate use and 
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concentrated compositions which may reqiiire dilution before: usa Therefore, the 
concentration of the active ingredient in the compositions of the present invention will vary 
depending on the type of forronlation and whether the composition is ready for use such as, 
for example, a dust fonniUation or whether the compositioii is a concentrate such BS^ for 
5 example* a water soluble powder, a wett^le powder or granule, which is suitable for 
dilution before use. In general the compositions of the present invention comprise from 1 
ppm to 99% by weight of active ingredient. 

The solid compositions may be in the form of powders, dusts, pellets^ grains, and granules 
10 wiierein the active ingredient and surfactant system are mixed with a solid diluent 
Powders and dusts may be prepared by mixing or grinding the active ingredient and 
surfactant system with a solid canier to give a finely divided composition. Granules, 
grains and pellets may be prepared by bonding the active ingredient and surfactant system 
to a solid carriei^j for example by coating or impregnating the preformed granular solid 
1 5 carrier with the active mgredient or by agglomeration techniques. 

Examples of solid earners include mineral earths and clays such as^ for example, kaolin, 
bentonite^ Jdeselguhrj, Fuller's earth, Attaclay, diatomaceous earth, bole, loess, talc, chalk, 
dolomite^ limestone^ lime^ calcaum carbonate, powdered magnesia, magnesfutn oxide 

20 magaesiinn sul&te, gypsum, calcium sulfate, prophyllite, silicic acid, silicates and silica 
gels; fertilizers such as, for example, ammonium sulfate^ ammonium phosphate, 
ammonium nitrate and urea; natural products of vegetable origm such as, for example, 
graiQ meals and flours, bar&: meals, wood meals, nutshell meals and cellulosic powders; 
and synthetic polymeric materials such as, for exaupple, ground or powdered plastics and 

25 resins, 

A pre[&3Ted liq^uid composition comprises an aqueous solution of ihc active ingiediezrt or a 
dispersion of the pareirt acid form of the active ingredient, together with surfactant system 
which is suitable for application by spraying, atomizing or watering. Such aqueous 
30 compositions axe generally prepared by mixing concentrated compositions with water. 
Suitable conceobated compositions include solutions, pastes^ oil dispersions, aqueous 
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suspensions and wettable powders. Hie concentrates are usually requiied to witlistand 
stoiage to Ije enable of dilution with water to form aqueous preparations which romain 
homogenous for .a suf&cieitt time to enable thetn to be applied by conventional spray 
equipment The concentrates conveniently contain fiom 20 to 80%, preferably 20 to 60%, 
5 by weight of active ingredient 

The surfactant system may also be added to a spray tank solution of herbicide, ie, be 
applied as a tank added solution- Iwfost preferably ibe herbiddal compositions are liquid 
spray compositionfi. 

10 

The compositions of the present invention may also contam other conventional adjuvants 
normally formulated with herbicide formujations such as anti-foaming agents, thickeners, 
heat stabilizers, ultraviolet absorbers, dispersants and fertilisers^ and other agriculturally 
acceptable materials, including fillers, such as talc, diatomaceous earth and the like, and 
15 dihients, such as water. The compositioiis may also contain additional surfactant adjuvants 
having low aquatic toxicity, and low irritancy, provided the presence of such surfectants 
does not reduce the efficacy of the herbicidal compositions below acceptable levels, 

Furtheimare, the compositions of the invention may be formulated so their properties, such 
20 as cloud point, are appropriate for their conditions of use. 

The compositions of the present invention may be used m the control or eradication of 
unwanted plants or vegetation by application to a locos where control is desired. Normnlly 
the compositions are applied to fbliagie of the weed pests to be eradicated. A person skilled 
25 in the art would be able to determine ttie appropriate application rate dependmg on ihe 
herbicide, vegetation to be eradicated and the prevailing conditions when used. 

The invention will now be described with reference to the acconq)anying examples v/bich 
illustrate some preferred embodiments of the invention and some comparisons with. 
30 commercial formulations. However, it is 1o be tmderstood that the partioilarity of the 
following description is not to supersede th^ generality of the preceding descriptiGai of the 
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lIXVCXEtlOZl. 

Example 1 : Fonniilation 1 

A stable liqmd giyphosate fonnulatioa was prepared by combining glyphosate (360 
5 acid, present as the isopiopylamine salt), plus 150 g/L of a blend of {surfactants having 25% 
wAv tallow propyldianodnfi plus 1 7 raales ethylene oxide and 75% w/w of ethylenediamiDC 
condensed with 4 moles of propylene oxide and 16 moles of ethylene oxide, then to 
volume with water. 

1 0 Aquatic toxicity: 48 EC50 iDcphnia carmatd) = 1 95 mg/L 

Sample 2: FonnulEition2: 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360 g/L 
acid, present as the isopropylamine salt)> plus ISO g/L of a blend of surfactants having 20% 
15 wAv tallow propyldiamine plus 17 moles ethylene oxide and 60% w/w of dhylenediamine 
condensed with 4 moles propylene oxide and 16 moles of ethylene oxide and 20% of a 
phosphated Ci^-Cu alcohol ethoxylate having 9 moles ethylene oxide, then to volume with 
water, 

20 Aquatic toxicity: (Range finder result only) 4S ECso (Daphnia carimta) 60-1 30 mg/L, 
Example 3 : Foiroulation 3: 

A stable liqtdd glyphosate fonntilation was prepared by combining glyphosate (490 g/L 
acid, present as the isopropylamine salt), plus 150 g/L of a blend of suifectants having 25% 
25 w/w tallow propyldiamine plxis 1 7 moles efliylene oxide and 75% w/w of etbylenediamine 
condensed with 4 moles of propylene oxide and 16 moles of ethylene oxide, flieu to 
volume with water. 

Efficacy Testing 

30 Fonuttlation 1 from Example 1 , together with FonnulatiQns 2 and 3 were tested for 
efficacy against control samples containing 360 g/L (Control Formulation 1) or 490 ^fL 
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(Control Formulaticm 2) glyphosate (present as the Isopropylamiae sah) and 150 g/L lallow 
amine ethoxylate itaving 15 moles of eiliylenfi oxide. The compositions 'wsre applied at 
250 g ai/ha and 450 g ai/ha and the percentage weed control was assessed 14 days after 
spray application, "nje'results are sbovm in Table 1. 



10 



Table 1 : Paxentage (%) control 14 days after spray ^plication of glyphosate treattncnts 
applied at 250 and 450 g ai/ba. 



FormnlntioQ 


Glyphosate dose (e ai/hat 




250 


45D 


Mean 


Control Fomwlatioii 1 


43' 


70* 


56* 


Foimnlntion 1 


38* 


60' 


49* 


Formulation 2 


41* 


59* 


50* 


Control Fontmlation 2 


50* 


63" 


56» 


Foinmiation 3 


31* 


62' 


49* 


tJnsprayed control 


0 


LSD (e=0.Q5) 


22 15 



sigoificantly dififerent (P<0.05) 

It can be seen from the above results that the surfectant systems of the present invention 
have comparable efficacy to those known in the art 



Example4 : Vonmlaiion 4 
15 A stable liquid glyj^osate foimulatioti was prepared by combining gljphasate (490 g/L 
acid, present as the isapropylamine salt), plus 120 g/L of etbylenediamine pins 4 moles of 
propylene oxide and 16 moles of eihyleaae oxide, tbtin to volume with water. 



Aqxmtic toxicity: 48 hr ECsc (fiaphnia carmata) - 766 mg/L 

20 

EflScacy was measured by assessing fresh weight rednction on annual jyegrass at 14 days 
after qjplication. The control formulations contained 360 g/L glyphosate present as the 
isopropylamtne salt and 170 g/L surfectant comprising ethylene diamine pins 4 moles of 
propyleneoxi de and 1 6 moles of ethylene oxide and alkylpolyglucosides. lie results are 
25 shown in Table 2. 
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Table 2: Bioefficacy data for sucfactant systems in 360 g/L glypbosate. 





ED5fl 


Fonnulatioii 4 


134 


Control FoimulatiDti 3 


53 


Control Fomiulatioii 4 


58 


Control Formulatioii 5 


59 


Control Formulation 6 


62 



It can be seen from the resullB that allcyl diamine tetraatkoxylates have low aquatic toxicity 
bttt reduced efficacy wfaan used as the only surfactant in herbioidal compositions. 

5 

Example 5 : FoimulationS 

A coimnercial 450 g/L glypbosate foimulation, containing a phosphated alcolxol ethoicylate 
as the primary surfectont w^a tested for efScacy against the industry standard 450 g/L 
glyphosate fomiiilatian. 

10 

Bmoacy was measured by assessing % ryegrass control 21 days after application. The 
control formulation comprised a 450 gfL glyphosate fonnulatian and a tallow amine 
cthoxylate surfactant having 1 5 moles of ethylene oxide 

15 The results are shown in Table 3. 

Table 3: percentage control of ryegrass 21 days after application. 





% control 


Formulation 5 


30 


Control Formulation 7 


50 



It can be seen from the above results that when phosphated alcohol ethoxylates are used as 
20 the only surfactant, the herbicide compositioais hwc reduced efBcacy, 

Example 6 : 

Sutfectant aquatic toxicity was measured for some surfactants alone. The results are 
shown in Table 4. 

25 
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Table4: 



Sur&ctant 


ECso (l>apHma carinata) 
48 hrsCmg/li) 


tallow propyldiaimne + 5 moles ethylene oxide 


0,57 


tallow amine + 15 moles ethylene axide 


3.0 


tallow propylamine + 14 moJes ethylene oxide 


MO 



These surfactants alone have high aquatic toxicity. 



5 Example 7 : Formulation 6 

A stable liquid glyphosate formulation was pjepared by conibining glj^osate (360g/L 
acid strength present as the isopropylaniine salt) plus 150g/L of a blend of snrfactoxts 
having 25% w/w tallowpropyldiajnine pins X7 moles of ethylene oxide and 75% w/w of 
ethylene diamine condensed with 4 moles of propylene oxide and 20 moles of ethylene 
1 0 oxide, then to volxume with water. 

Examples : Formulation 7 

A stable liquid glyphosate fonmilation was prepared by combining glyphosate (360g/L 
acid strength present as the isopropylamine salt) plus 150g/L of a blend of surfectants 
1 5 having 20% wAv tallo w^propyidiamine plus 1 7 moles of ethyl^ie oxide and 60% w/w of 
ethylene d i amine condensed with 4 moles of propylene oxide and 20 moles of ethylene 
oxide and 20% wAv of a phosphated Ci2"Ci4 alcohol ethoxylate having 9 molea of ethylene 
oxide, then to volume with water. 

20 Formulation 6 ftom Example 7 and Formulation 7 ftom Example 8 were tested for 

irritancy together with Control Fonnuladon I and Control Fomiulation 8 which is a 1% 
solution of sodium lauryl sulphate (SLS) as active matter. 

TTie irritancy testing was carried out in vitro using the Zein Test Zein testing is based on 
25 the solubility of a protem "zein" in surfactant or other solution and is expressed as mg of 
nitrogen/l OOmL of sample. Zdn testing is usually used as a first stage screening te^ due 
to its cotcelsttion with in vfvo tests. The results are shown in Table 3 with the Zein Score 
assigned in mgN/lOOmL. 
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Table 5: in vitro iiritancy date for surfectant systems in 360g/L glyphosate 



FormnJation 


Zein Score (mgN/lOOiiiL Solation) 


Formulation 6 


14 


Forznuladoii? 


10 


Control Foimulatioa 1 


28 


ContiDl Foimulatiaii S 


473 



As can be seen from this data, the initancy score of the fonaulation of Example 7 and 
Example 8 are consadexably reduced compared to that of the control fotmulations. 

5 

Example 9 

A Stable liquid glyphosate fotmularion \vas prepared by combining glyphosatc '(360gfL 
aoid strengtli present as the isopropylaminc salt) plus 150g/L of a blend of surfactants 
hacving 25% wAv tallow propyldiamine plus 17 moles of ethylene oxide and 75% w/w of a 
1 0 phospbated Ci2-C!4 alcohol ethoxyJate having 9 moles of ethylene oxide, then to volume 
with water. 

Example 10 

A stable liquid glyphosate fommlation was prepared by combinine glyphosate (360g/L 
1 5 acid strength present as the isopropylamine salt) plus 1 50g/L of a blend of SJUrfactants 
having 60% w/w of ctiylene diamitie condensed with 4 moles of propylene oxide and 16 
moles of ethylene oxide and 20% wAv of a phosphated Cu-C w alcohol ethoxyiate having 9 
molea of ethylene oxide, together with 20% wAv tallow amine condensed with 1 5 moles of 
ethylene oxide, then to volume with water. 

20 

Example 11 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360g/L 
acid strength present as the isopropylamine salt) plus 1 50g/L of a blend of sur&ctants 
having 70% wAv of ethylene diamine condensed with 4 moles of propylene oxide and 16 
25 moles of ethylene oxide and 30% w/w of a phosphated C^-Cm alcohol ethoxyiate having 9 
moles of ethylene oxide» then to volume with water* 
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Example 12 

A stable liquid paraquat formulation was prepared by combiniiig paraquat dichloride 
(200g/L strength present as the salt) plus 120 g/L of a blend of surfactants having 25% 
5 wAv tallow propyldiamine plus 1 7 moles of ethylene oxide and 75% w/w of etiiylene 
. diamine condensed with 4 moles of propyleoe oxide and 16 moles of ethylene oxide, then 
to volume with water, The formulation was buffered to acid pH, and minor amount of 
stench and emetic were added 

10 Example J 3 

A stable liquid hormone ester formulation was prepared by combming amine 
(200g/L str^gtt present as the ammonium salt) plus 100 g/L of a blend of surfactants 
having 25% w/w tallow propyldiamine plus 17 moles of ethylene oxide and 75% w/w of 
ethylene diamine condensed with 4 moles of propylene oxide and 16 moles of ethylene 
1 5 oxide, then to volume with water, 

Example 14 

A stable granular formulation was prepared by combining glyphosate (5 1 Ogflcg present as 
the ammonium salt) plus 150g/L of a blend of surfactants having 25% w/w tallow 
20 propyldiamine phis 25 moles of efliylene oxide and 75% w/w of ethylene diamine 

condensed with 1 6 moles of propylene oxide and 50 moles of ethylene oxide, together witli 
I SOg/L of powdered urea, then to weight with ammonium sulphate. The mbtture was 
extruded with a Tni-nimal amount of water then dried to give granular composition which 
dissolved readily. 

25 

Throughout fliis Specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations sudi as "comprises" and "comprising'^ will 
be understood to imply the inclusion of a stated integer or step or group of integeafs or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

30 
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The reference to any prior art in tbtjs specification is not, ao4 should not be taken as, an 
acknowledgment or any fiarm of suggestion tbat that prior art fonns part of die common 
general kaowledge in Australia. 
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10 



15 



20 



THE CLAIMS DEFININO THE INVENTION ARE AS FOLLOWS: 

1 . A herbiddal composition comprising a water solubk herbicide and/or a salt thereof 
and a surfactant systenu whereda the smfectant system comprises at least two surfactants 
selected &om the group consisting of: 

0 alkyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl alkyldiamine trialkoxylaie surfactants; and 

m) phosphated alcohol aUcoxylate suxfectants. 

2. A herbiddal composition according to claim 1 wherein the surfertant system 
comprises an alkyldiamine tetraalkoxylate sur&ctant and an N-alkyl alkyldiamine 
trialkoxylate smfactant. 

3. A herbicidal compositxan according to claim 1 wherein the surfactant system 
comprises an alkyldiamine tetraalkoxylate siir&ctant and a phosphated alcohol alfcoxylate 
surfactant, 

4. A herbicidal composition accordmg to claim* 1 wherein the sttrfiictant system 
comprises an N-alkyi alkyldiamine trialkoxylate surfiactant and a phosphated alcohol 
alkoxylatc surfactant. 

5- A herbicidal composition according to claim 1 wherein the surfactant system 
comprises an alkyldiamine tetraalfcojcylate surfactant, an N-alkyl alkyldiamine 
trialkoxylate surfectant and a phosphated alcohol alkoxylate suifectant. 

6. A herbicidal composition according to claim 1 ^pAerein the alkyldiamine 
tetraalkoxylate «urfectant comprises a compomid of formula (T): 



R(OA), 




(AO)mR 



CD 
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wherein Q is a linear or branched Cj-Cs alkylene; 

each AO is independently an allcylene oxide unit; 

each m is independently an integer selected frcan 1 to 300; and 

each R is independendy selected ftom hydrogen, alkyl, acyl, benzyl or halide, 

5 

7. A herbicidal compositioti aixjording to claim 6 wherein Q is "(CH:On- wherein n is 
2 to 6, or a branched alkylene group having 3 to 6 carbon atoms, 

S. A herbicidal composition according to daim 7 wherein Q is ^H2-CH2-. 

10 

9, A herbicidal con^osition according to claim 6 wherein each AO is independently a 
C^-Gj alkylene oxide uDit 

10, A herbicidal composition according to claim 9 whetein each AO is independently 
1 5 selected firom ethylene oxide and propylene pxide. 

11, A herbiddol composition according to claim 6 wherein m is an integer from 1 to 
about 180. 

20 12. A herbicidal composition according to claim 1 1 wherein m is an integer ftom 8 to 
about 145. 



13. A herbicidal composition according to claim 6 \N*erein R is hydrogen, methyl, 
acetyl or ben2yh 

25 

14. A herbicidal composition according to claim 13 wherein R is hydrogen, 

15. A herbicidal composition according to claim 6 x^erein the alkyldiamine 
tetraalkoxylate surfectant comprises a coirrpound of foocmula (III); 
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R-(OB)y(OAXc (AO),(BO)^ 

(III) 

wbcrem AO and BO are.dififereut C2-C4 aUsylene oxide units;. 

eadi R is inctependently hydrogen, Ci-C^ alkyl, C2-C4 acyl, beii2yi or halide; and 

each X and y is an integer ftom 0 to 50. provided tbat x sad y are not both 0. 

5 

16. A berbicidal compositioa according to claim 1 S wdierein AO is piopyletie oxide, 
BO is ethyjeoe oxide, x is an integer from 1 to 30 and y is ao integer fiom 0 to 1 50. 

17. A berbicidal composition according to claim 6 wherein the alkyldianune 
1 0 tetraaJkoxylatc surfactant comprises a compound of formula (TV): 

H(OC2H4)y(OC3H6)x. y(C3H60)^(C2H40)yH 

NCH2CH2N (IV) 
H(OC2H4)sr(OC3H6)x''''^ (C3H60)^(C2H40)yH 

wherein x and y are integers firom 0 to 150, provided that X and y are not both 0. 

18. A lifirbicidal composition acconfing to claim 1 lAerran the N-alkyl alfcyidiamine 
1 5 triaJkoxylate surfactant comprises a compound of formula (V): 

/^■^V (V) 

wherein Q is a linear or branched Ci-Cs alkylene or C2-C6 alkcnylene group; 
€acti AO is independently an alkylene oxide uni^ 

p + q + 1 is flie average moles of alkylene oxide units and is an integer selected fiom 5 to 
20 25; 

Ri is independently selected fiom hydrogen, alkyl, acyl, benzyl or halide; and 
R2 is a C«-CiB allcyl or Ca-Cia dken^ group. 
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1 9, A herbicidal composition acoordmg to claim 18 wherein Q is -(CHOn- whereiii n is 
2 to 6, or a branched alkylane group having 3 to 6 carbon atoms, 

20. A herbicidal composition according to claim 19 wherein Q is -CHa-CHa-CHb-- 

5 

2 L A herbicidal compositiori according to claim 1 8 v^erein each AO is independently 
^ CrC4 allcylene oxide unit. 

22. A herbicidal cotnpositioii according to claim 21 wherdn each AO is independently 
10 selected &om ethylene oxide and propylene oxide. 

23. A herbicidal composition according to claim 18 wherein p -f- q + r ia an integer 
from 14 to 20. 

1 5 24. A herbicidal composition according to ckdm 23 wherein p + q + r is an integer 
from 16 to IS. 

25. A herbicidal compoaitioii according to claim 1 8 wherein Rj is selected from 
hydrogen, methyl;, acetyl and benzyl. 

20 

26. A herbicidal composition according to claim 25 wherein Rj is hydrogecL 

27. A herbicidal composition according to claim 18 wherein R2 is a Q^-Cis alkyl 
group- 

25 

28. A herbicidal composition according to daim 27 wherein R2 is a Cig-Cis alkyl 
groiqD. 

29. A herbicidal composition according to claim 1 8 \\4ietein the N-alkyI alkyldiamine 
30 trialkoxylate surfecfant comprises a compoimd of fonnula (VU): 
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R2^ ^(AO)qH 

ISI Q~N (VII) 

H(OA)p^ (AO)^ 

wherein Q is ^^CH^X- wherein ni32to6ora branched alkylcne gnwp having 3 to 6 
carbon atoms; 

AO is e straight chain C2-C4 alkylene oxida unit or a branched CrC^ alkylenc oxide unit; 
5 p + q + r is in the range of 5 to 25; and 
R2 is a Ci2-C£8 alkyl group. 

30, A herbicidal oojuposrtion according to claim 29 wherein Q is -CH2-CH2'CH2-, 
10 3 K A herbicidal composition accoiding to claim 29 wherein AO is ethylene oxide. 
32, A herbicidal composition according to claim 29 wherein p + q H- r is in the range of 

1 5 33, A herbicidal composition according to claim 32 wherein p + q -f r is in the range of 
16 to 18. 

34, A herbicidal composition according to claim 29 whercm R2 is a Cis-Cia alkyl 
group. 

20 

35, A herbicidal composition according to claim 29 wherein the N-aliyl alkyldiamine 
trialfcoxylate sxjrfactant is a compound of fonnula (Vn) wherein Q is 
-CH2-CH2-CHr, AO is ethylene oxide, p + q + risHandRaisa Cjs-Cjg alkyl group. 

25 36. A herbicidal composition accoiding to claim 1 whertdn the phosphated alcohol 
alkoxylate comprises a compound of the {bmuda (ynt): 
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P M 



O (AO)s- 



(VIll) 



wherein R3 is a C4-CU alkyl group; 

AO is a straight cimn C2-C4 alkylene oxide unit ot a hranched C5-C4 glkylene oxide unit; 
s is an integer between 2 and 12; and 
5 each M is independently selected from a hydrogen atom, a sodium atom ot an ammonium 
or alkyl ammomuna group. 

37. A herbicide composition according to claim 36 wherein AO is ethylwie oxide, 

10 38. A herbicide composition according to claim 36 wherein R3 is a Cjj-Cu alkyl group, 
AO is ethylene oxide, s is 9 and M is hydrogen- 

39. A herbicide composition according to claim 2 wherein the sur^ctant system further 
cot[:$)rises an N-alkylamine alkoxylate of formula (IX): 



wherein R4 is a Cn-Cu alkyl or C12-C14 alkenyl group; 

each AO is independently a C2-C4 alkylene oxide unit; and 

t + u is the average moles of alkylene oxide units and is in the range of 5 to 20. 

20 40. A berbicidal compoaition according to claim 1 wherein the ratio of allcyldianiine 
tetraalkoxylate to N-alkyl alkyldiamine trialkoxylate is at least 3:1. 

41. A herbiddal composition accotding to claim 39 wherein the ratio of alkyldiamine 
tctraalkoxylate to the combination of N-alkyl alkyldiamine trialkoxylate audN-alkylamine 
25 alkoxylate is at least 3:1. 




(IX) 



(AO)u-H 
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42, A hetbicidal composition according to claim 5 comprising 50-70% aJkyldiaminc 
tetraalkoxylato, 10-40% N-alkyl alkyldiaminc trialkoxylate and 10-40% pbospibaEted 
alcohol aikoxylate, weight per weight of die surfectant system, 

5 

43 . A heibiddal composition according to claim 42 comprising 60% alkyldiamine 
tetraalkoxylatc, 20% N-alkyl aJkyldiamine trialkoxylate and 20% phosphaied alcohol 
alkoxylate, weight per weight of the surfactant sy^m, 

10 44. A herbicidal composition according to claim 1 wherein the water soluble herbicide 
is selected from K-(phDsphonomethyl)glycine (glyphosate), 4- 

Piydroxy(methyi)pho^inoyl]-DL-homoalaniiie (glufosinale), bipyridinium herbicides, 
amitrol, aromatic acid herbicides, MCPA, trichloropyr, pichloram, and bromoxynil and 
salts thereof. 

15 

45. A herbicidal composition according to claim 44 vrfierein the water soluble 
herbicide is N-(phogphonometfcyl)gIycine or salts thereof 

46. Use of a surfactant sy^^tem comprising at least two surfactants selected from the 
20 group couji^isting of: 

i) allcyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl alkyldiamine trialkoxylate surfactants; and 

iii) phospfaated alcohol alkoxylate suifectants; 

as an adjuvant in a herbicide composition, wherein said herbicide composition comprises a 
25 water soluble herbicide* 

47. A method of controlling or eradicating unwanted plants or vegetation coznpiising 
the step of applying to a locus where control or eradication is desiredp aphytotoxic amount 
of a herbicidal composition comprising a water soluble herbicide and a surfactant systero, 

30 wherein the sux&ctant system comprises at least two surfactants selected £fom the group 
consisting of: 
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i) dkyldiamine tetraalkoxylate surfectants; 

ii) N-alkyl alkyldiamine trialkoxylate surfactants; and 

iii) phosphated alcohol alkaxylatc surfectants, 

5 48, A smfactant system comprisiug at least two surfactaats selected ftom fte grotip 
cQjosistingof: 

i) alkyldiamiiifi tetraalkoxylate surfactants; 

ii) N-alkyl alkyldiamine trialkoxylate sur&ctrots; and 

iii) phosphated alcohol alkoxylate surfactants. 
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